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Abstract 
Advanced magnetic shape memory materials like the prototypical Ni-Mn-Ga alloy system are limited to operating temperatures 
that are too low for many practical applications. To overcome this problem, an intensive search for new magnetic shape memory 
compounds has been started. One interesting system, showing magnetic as well as conventional shape memory behavior, is Co-
Ni-Ga. In this work we report systematic studies of stoichiometric Co-Ni-Ga based alloys in the full and inverse Heusler structure 
by means of density functional theory. A prediction of the martensitic transition temperatures can be obtained by the structural 
energy differences calculated for different crystal structures. In prototype, near-stoichiometric Ni-Mn-Ga, the (pre-)martensitic 
transformation is accompanied by an anomalous softening of one transversal acoustic phonon branch along the [110] direction 
which has been frequently linked to nesting features of the Fermi surface in the past. In order to clarify this aspect for the Co-Ni-
Ga system, we will discuss the influence of structure on the phonon dispersions determined from first principles and investigate 
whether the Fermi surface of the Co-Ni-Ga compound reveals nesting features as well. 
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1. Introduction 
The search for new ferromagnetic shape memory materials is of utmost interest due to the limitations of the widely 
used reference material Ni2MnGa. Although strains up to 10% in magnetic fields of less than 1T have been observed 
in this material [1] the martensitic and magnetic transition temperatures are still too low for many practical 
applications. While substitution of the Ga atoms by Mn can increase the martensitic transition temperature of the 
material, Mn excess simultaneously leads to antiferromagnetic interactions that result in a decreased magnetic 
moment and lower Curie temperatures [2, 3]. Therefore, other MSMA such as Fe70Pd30 , Fe3Pt, Fe2CoZ (Z=Al, Ga) 
or Ni2MnZ (Z=Al, In, Sn, Sb) have been intensively investigated in the past. In the present paper we will present 
results on the ternary Co-Ni-Ga alloy system. In this materials class the Mn atoms and a fraction of the Ni atoms 
have been substituted by Co atoms in order to avoid antiferromagnetic interactions and secure a large magnetic 
moment. 
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We calculated the structural energy differences of possible crystal structures of stoichiometric Co2NiGa by ab initio 
methods and compared the results to the Ni2MnGa reference compound.  Since phonon softening related to Fermi 
surface nesting plays an important role in this reference material [4, 5, 6, 7, 8, 9], additionally also the full phonon 
spectrum and the Fermi surface of Co2NiGa in the cubic austenite phase are discussed.  
 
2. Computational Details 
All calculations were performed with the Vienna Ab Initio Simulation Package (VASP) [10, 11] in combination 
with the generalized gradient approximation (GGA) in the formulation of Perdew, Burke and Ernzerhof (PBE) [12] 
for the exchange-correlation functional. For the pseudopotentials the projector augmented wave method (PAW) [13] 
was used. The energy-cutoff for the plane wave basis set was chosen to be 460 eV. Structural energy differences 
were obtained by using a k-point mesh consisting of 15×15×15 points and the tetrahedron method with Blöchl 
corrections for the Brillouin zone integration. For the calculation of the Fermi surfaces an increased k-point mesh 
consisting of 39×39×39 points was used. Phonon dispersion curves were calculated by using the PHON package by 
Dario Alfè [14]. Our calculations involved displacements of 0.02 Å in combination with supercell sizes of 4×4×4 
primitive cells and a k-point mesh consisting of 2×2×2 points. The calculations of forces were carried out by using 
Methfessel-Paxton smearing with  = 0.1 eV. 
 
 
3. Results
As Ni2MnGa crystallizes in the L21-Heusler structure in the austenitic phase and undergoes a tetragonal 
transformation upon cooling, the question arises whether the Co2NiGa compound shows the same crystallographic 
properties. A tetragonal transformation can be modeled in first principles calculations by investigating the total 
energy dependence under a variation of the c/a ratio of the crystal cell. Here, beside the L21-Heusler structure we 
also considered the so called inverse Heusler structure [15] and the Pt2FeCu-type structure. The latter was 
considered as the crystallographic structure of a Co2NiGa sample by Dai et al. [16].  
Figure 1 shows the results of the total energy variation under a tetragonal transformation for all investigated types of 
crystal structures. The volume was fixed to the respective ground state volumes during the calculations. For the L21-
Heusler structure a lattice parameter of a = 5.695 Å is obtained. The lattice parameter of the inverse structure is 
a = 5.711 Å and therefore slightly larger compared to the conventional Heusler structure. The lattice constant for the 
Pt2FeCu-type structure was determined to be a = 5.7042 Å and falls between the other two values. 
It can clearly be seen from figure 1 that the inverse cubic bcc-structure (c/a = 1) denoted as (CoNi)CoGa has the 
lowest energy. However, the dashed line reveals a local maximum of the total energy at this point. The two local 
energy minima of the inverse structure can be found at c/a = 0.9 and c/a = 1.31. This is to be contrasted with the 
total energy dependence of conventional Co2NiGa when applying a tetragonal transformation, showing a saddle 
point for c/a = 1 and a minimum at c/a = 1.41. This c/a-value is larger than the corresponding value for which the 
minimum in case of Ni2MnGa is observed (c/a = 1.26). In fact, for c/a = 1.41 the structure has transformed to a 
perfect fcc-structure. The energy difference between the cubic phase and the tetragonally distorted phase with 
c/a = 1.41 is 109.2 meV/f.u. and therefore about four times larger than for Ni2MnGa. The Pt2FeCu-type structure is 
not energetically favored over the other two structures. However, figure 1 shows that also for this crystal structure a 
fct-type structure with c/a = 1.45 is favored while no second minimum but a small upheaval can be observed at 
c/a = 1.15. 
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Fig.1: Variation of the total energy obtained by ab initio calculations when applying a tetragonal transformation to the conventional L21-Heusler 
structure Co2NiGa, the inverse structure (CoNi)CoGa, and the Pt2FeCu-type structure. During the calculations the volume is fixed to the ground 
state volume of the respective cubic structure. 
 
The following discussion will focus on the differences between the inverse and the conventional L21-Heusler 
structures. While the inverse structure is energetically favored for stoichiometric Co-Ni-Ga, the L21-structure has 
been found to be of vital importance for the magnetic shape memory effect. The Pt2FeCu-type structure is much 
more costly in energy and therefore will not be discussed any further. However it should be noted here that the 
structure has been already found in stoichiometric Co2NiGa samples [16]. It was also observed that the amount of 
disorder in the crystal which stabilizes the austenite bcc-like (B2) structure at high temperatures [17], for which the 
experimental TA2-[110] phonon is stable depends strongly on sample preparation. 
We conclude from the total energy curves that the tetragonally inverse structure is the energetically favored one at 
very low temperatures. This is not the case for Ni2MnGa where the L21-structure is energetically favored over the 
inverse structure by 464 meV/f.u. in the cubic state. However, in case of Co2NiGa the energy difference between the 
two different crystal structures (conventional and inverse) becomes rather small at c/a = 1 where it amounts to 
14.62 meV per formula unit. Thus, it is not clear whether the inverse structure is thermodynamically realized at 
finite temperatures, especially when cooling down the system from the melt to the high temperature austenite phase. 
Therefore it seems reasonable to investigate both structures with respect to electronic and vibrational properties as it 
has been pointed out that the crystal structure of Co-Ni-Ga depends strongly on the sample preparation [16].  
It is already obvious from the shape of the total energy curve of the inverse structure that the phonon spectrum for 
c/a = 1 will not be stable. This is indeed confirmed when calculating the phonon dispersion curves of (CoNi)CoGa 
showing branches with imaginary frequencies at several points of the Brillouin zone. In contrast, the conventional 
Heusler structure does not show any imaginary frequencies. The full phonon dispersion along lines of high 
symmetry through the Brillouin zone is plotted in figure 2. 
The color of the branches in the phonon dispersion curves is related to the atomic contribution to the frequencies 
which is obtained from the eigenvectors of the dynamical matrix. As the primitive cell of the material consists of 
two Co atoms, it is clear that the Co atoms play a major role in the vibrational spectrum which explains the greenish 
color of the phonon dispersion curves. In contrast to Ni2MnGa where a clear separation of the optical modes 
belonging to different atoms is observed, a similar behavior is absent for Co2NiGa. Instead the hybridization of the 
different optical and acoustical branches smears out the gap. The color coding of the corresponding branches in cyan 
or violet indicates that not only one type of atoms contributes to the corresponding eigenmodes. 
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Fig. 2: Phonon dispersion curves of Co2NiGa for the conventional L21-Heusler structure (c/a = 1). The elemental contributions of the different 
atoms to the specific branches are marked by the color coding. For comparison, results of neutron scattering measurements on Co48Ni22Ga30 taken 
from Ref [17] are also shown (open squares). 
 
Compared to Ni2MnGa the phonon spectrum of Co2NiGa does not reveal particular anomalies along the [110] 
direction or in any other high-symmetry direction. However one should note that the TA2 phonon frequencies 
decrease as they approach the Brillouin zone boundary. The frequency at the boundary is less than half of the 
corresponding frequency of Ni2MnGa. 
Since phonon softening is absent in Co2NiGa, the question arises whether Fermi surface nesting that has been 
considered to be responsible for phonon softening in the past [8, 9, 18], is also absent in this material. In Ni2MnGa, 
nesting has, e.g., been identified in the minority spin Fermi surface. Here, planar sheets are present which can be 
connected by a vector in reciprocal space that corresponds to the q-vector describing the phonon softening [8]. 
Figure 3 shows the calculated Fermi surfaces of Co2NiGa in the conventional Heusler structure for the spin-up and 
spin-down channels. Since nesting has been commonly discussed in terms of the minority spin-channel for 
Ni2MnGa, the Fermi surface of the minority spin-channel of Co2NiGa is also of primary interest, here. It is obvious 
from figure 3 that there is just one extended band (colored in bright orange) primarily located near the zone 
boundary, that may show small nesting portions while all other bands (small nearly spherical electron or hole 
pockets) cannot nest. However, as the surface of the bright orange band is small compared to the bands that 
contribute to the nesting behavior in Ni2MnGa, we conclude that nesting in Co2NiGa appears strongly suppressed.  
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Fig. 3: (a) Spin-up and (b) spin-down Fermi surfaces of the L21-Heusler structure of the stoichiometric Co2NiGa compound. The different colors 
denote different bands. The -point of the Brillouin zone is at the center and at each corner of the plotted cubes.  
 
While Fermi surface nesting is therefore not really important in case of Co2NiGa, another feature of interest can be 
extracted from the calculated Fermi surfaces. Checking the contribution of the majority bands to the Fermi surface 
in figure 3(a) we find that the shape of the surface looks very similar to the case of Ni2MnGa. This behavior can be 
explained by the electronic densities of states of the respective materials. Since the densities of states of Ni2MnGa 
and Co2NiGa do not show any peaks in the majority spin-channel near to the Fermi level but are monotonously 
decreasing with increasing energy, also the Fermi surfaces should not change significantly their shape in this region. 
As the valence electron density of the two materials is different, one may conclude that the contribution of the 
majority bands to the densities of states and to the Fermi surfaces does not change qualitatively in the region 
between e/a = 7.5 (Ni2MnGa) and e/a = 7.75 (Co2NiGa). 
4. Conclusions 
The calculation of structural energy differences for stoichiometric Co-Ni-Ga shows that the inverse (CoNi)CoGa 
compound is favored for tetragonally deformed fct-type structures with c/a  1.3 at low temperatures. For the bcc-
type structures with c/a = 1 the energy difference between the conventional and the inverse Heusler structure 
becomes rather small. Additionally, the energetically favored (CoNi)CoGa structure reveals imaginary phonon 
frequencies at c/a = 1. The Pt2FeCu-type structure is energetically not competitive.  
In contrast to Ni2MnGa, the conventional L21-Heusler structure of Co2NiGa does not reveal softening of the TA2 
branch along the [110] direction. In fact, the spectrum is stable in the whole Brillouin zone. The absence of phonon 
softening can be related to the nearly complete disappearance of Fermi surface nesting in the minority spin-channel. 
For the majority spin-channel of Co2NiGa we find a similar Fermi surface as for Ni2MnGa. 
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